Background: Published appropriate use criteria (AUC) describe patients for whom amyloid positron emission tomography (PET) might be most useful. This study compared the impact of amyloid PET on diagnosis and management in subjects likely to either meet or not meet AUC. Methods: Physicians provided a provisional diagnosis and management plan for patients presenting with cognitive decline before and after amyloid PET imaging with florbetapir F 18. Participants were classified as AUC-like or not, based on the prescan diagnosis and demographic features. Results: In all, 125 of 229 participants (55%) were classified as AUC-like. Sixty-two percent of the AUC-like subjects had a change in diagnosis after scanning compared with 45% of the non-AUC subjects (p = 0.011). Both groups demonstrated high rates of change in their management plans after scanning (88.0% for AUC-like cases, 85.6% for non-AUC cases). Conclusions: The impact of amyloid imaging on diagnosis and planned management was maintained and, if anything, amplified in AUC-like patients.
Background
Despite nearly 30 years of evolution in clinical diagnostic criteria [1, 2] , early and accurate diagnosis of Alzheimer's disease (AD) remains an elusive target. Recent evaluations of autopsy outcomes of patients diagnosed by top experts at US Alzheimer's Disease Research Centers indicated that nearly 20% of patients clinically diagnosed as having probable AD in life did not meet criteria for AD pathology at autopsy, while more than 40% of patients diagnosed as having non-AD dementia had histopathologically defined AD [3, 4] .
The advent of positron emission tomography (PET) imaging agents such as Pittsburgh compound B [5] , 18 F-florbetaben [6] , 18 F-flutemetamol [7] , and florbetapir F 18 [8, 9] , which bind to fibrillar β-amyloid (Aβ), has made it possible to estimate, in living patients, the density of neuritic amyloid plaques [10] [11] [12] [13] [14] . Because neuritic plaques are a required component of a pathological diagnosis of AD, PET-derived information regarding neuritic plaque density could be of value in the diagnosis of patients with cognitive impairment. Multiple studies have now investigated the impact of amyloid PET imaging on diagnostic decision-making [15] [16] [17] [18] [19] [20] [21] , demonstrating that PET imaging information could lead to changes in diagnosis and diagnostic confidence. Further, the study by Grundman et al. [17] demonstrated a change in intended management by study physicians in 87% of cases.
The patients selected for the studies above ranged from participants in a phase 2 clinical trial [21] to patients in clinical settings [16, 18, 19] . The study population used by Grundman et al. [17] was designed to encompass what was, at that time, expected to be the likely population to receive amyloid PET once an agent was approved, i.e., patients undergoing or having recently completed evaluations for cognitive decline in clinical settings for whom there remained diagnostic uncertainty. Subsequently, consensus criteria for the appropriate use of amyloid imaging agents [appropriate use criteria (AUC)] have been developed jointly by the Society for Nuclear Medicine and Molecular Imaging and the Alzheimer's Association amyloid imaging taskforce (AIT) [22] . Specifically, these criteria suggest that amyloid PET imaging is appropriate for subjects with an objectively confirmed cognitive complaint and satisfying criteria for possible AD with an uncertain diagnosis after an evaluation by a dementia expert. Three types of patients are noted for whom such use might be appropriate: those with persistent unexplained mild cognitive impairment (MCI), those satisfying core criteria for possible AD with unclear clinical presentation, and those with dementia and atypically early onset. Similar criteria have also been proposed by the Royal College of Physicians and Royal College of Radiologists (RCP-RCR) [23] and by the Italian Interdisciplinary Working Group (IIWG) [24] .
The present study reevaluated the results of Grundman et al. [17] in light of the published AUC. Case records from that study were evaluated, and each patient was designated as having a profile consistent with the AUC (AUC-like) or potentially inconsistent with the criteria (non-AUC). The impact of PET scan information was evaluated separately in these populations.
Methods
This report presents an additional analysis of data acquired prospectively in a prior study designed to examine the impact of an amyloid PET scan on intended patient management [17] . No new patients were enrolled, and no patient procedures were performed. The previous study was registered at https:// clinicaltrials.gov/ (NCT01400425) and was conducted according to the International Committee on Harmonization-Good Clinical Practice and all applicable laws and regulations. All relevant institutional review boards approved the study.
The methods and results of the previous study are detailed in another report [17] . Briefly, the study enrolled 229 subjects, 110 of whom had completed a diagnostic workup for progressive cognitive decline within the previous 18 months, with no further tests planned or deemed relevant (group A); 119 were still undergoing evaluation (group B) but had advanced to a point where the investigator believed an amyloid PET scan might be useful. For inclusion of a patient in either group, the investigator had to have less than 85% confidence in the diagnosis at the time of enrollment, with at least 15% certainty that AD pathology might be contributing to the cognitive impairment.
After obtaining informed consent and conducting a baseline visit, but prior to ordering the PET scan, physicians recorded the current working diagnosis for each subject by selecting from a list of options, including: (1) etiology due to AD (most likely etiology is AD, e.g., probable AD, atypical AD, Lewy body disease with AD/amyloid pathology, or mixed dementia with AD; prodromal AD or MCI due to AD); (2) non-AD etiology (most likely etiology is not AD, e.g., vascular dementia, frontotemporal dementia; Lewy body disease without AD pathology; primary progressive aphasia; metabolic, psychiatric, or medication-induced impairments, or impairment of uncertain etiology but not due to AD), or (3) indeterminate (syndromic) etiology (e.g., progressive cognitive decline, MCI, or dementia of uncertain etiology). The treating physicians were asked to provide a diagnostic testing and management plan, again selecting from a list of options, using only information available before florbetapir imaging, as if a florbetapir PET scan were not to be performed, e.g., initiation/withdrawal of medications, ordering additional diagnostic tests, referral to another specialist, explanation of diagnosis, and advice regarding potential safety concerns.
Subjects were imaged with florbetapir PET (10 min acquisition beginning 50 min after an intravenous administration of 370 MBq florbetapir) within 30 days of completion of the baseline screening visit, as described previously. Additional diagnostic tests were not permitted during this interval. The scan result (amyloid positive or amyloid negative as determined by an expert reader, M.A.M. or A.K.A., in accordance with visual interpretation instructions in the florbetapir package insert) was then transmitted to the site physician, who recorded a revised clinical diagnosis and proposed treatment plan, this time taking into account the florbetapir PET scan results along with all other information.
The diagnosis and intended management at baseline were compared to those obtained after revealing the florbetapir PET scan result. In the original study, analyses were performed across all subjects, and separately for subjects in groups A and B, for amyloid-positive and -negative subjects and for demented and nondemented subjects. The present study extends these analyses to subjects having a profile consistent with the AUC guidelines (AUC-like) or inconsistent with the guidelines (non-AUC). The primary goal was to determine whether the conclusions of the study by Grundman et al. [17] -specifically, that amyloid PET imaging results influenced diagnosis, planned management, and treatment -hold in the more narrowly defined AUC population.
Classification of Cases as AUC-Like or Non-AUC
The entry criteria for our previous study were similar in intent to the AIT-AUC guidelines, selecting for difficult-to-diagnose patients for whom some diagnostic uncertainty existed on the part of the reporting physician. However, because the study preceded the publication of the AUC, a retrospective analysis of the information recorded in the case records was required for an appropriate AUC classification, as shown in table 1 . When there was any doubt as to whether to include ambiguous cases as AUC-like or not, we applied the most restrictive interpretation of the AUC as follows: 1 The AUC exclude patients in whom a cognitive complaint is not confirmed by objective impairment on clinical examination. The entry criteria for our prior study [16] required only evidence of progressive cognitive decline which could have been met by objective evidence or clinical history. Thus, some patients might have been enrolled on the basis of declining cognitive function, but they might have been classified as having no objective evidence of cognitive impairment (e.g., patients with high premorbid intelligence, within normal range on cognitive tests). Such subjects were classified as non-AUC for the current analysis. 2 Subjects in our study who were impaired but not demented (i.e., MCI), and with a symptom duration >6 months (i.e., persistent), were classified as AUC-like unless their impairment had been assigned a clear etiology (e.g., prodromal AD, MCI due to AD, or probable AD etiology, or an MCI with a specific non-AD etiology), in which case they were not considered 'unexplained' MCI and were classified as non-AUC. 3 The AUC include patients who meet the core clinical criteria for possible AD, characterized by an unclear clinical presentation, either an atypical clinical course or etiologically mixed presentation, but exclude patients that meet the more stringent criteria for probable AD with a typical age at onset. All patients in our study had, at least to some degree, an unclear clinical presentation (<85% diagnostic certainty). However, the physicians were asked to provide a working diagnosis, which included the choice 'cognitive impairment with etiology due to AD, i.e., probable AD or dementia of the Alzheimer's type'. Subjects receiving a working diagnosis of etiology due to AD, further categorized as 'probable AD' were classified as non-AUC for the current analysis. In contrast, subjects receiving a working diagnosis of etiology due to AD with atypical AD, Lewy body disease with AD, or mixed or vascular dementia with AD were classified as AUC-like. 4 All patients in our study had AD as a possible differential diagnosis/etiology ( ≥ 15% certainty of AD). Thus, even subjects with a non-AD working diagnosis could be considered to meet the criterion for possible AD. Nevertheless, in order to conduct the most conservative analysis, subjects with a working diagnosis of non-AD etiology were classified as non-AUC, unless they were less than 65 years of age or were believed to have a mixed type of dementia that could also include AD. 5 The AUC indicate that an amyloid PET scan is appropriate for subjects with progressive dementia under the age of 65 years. All demented subjects under the age of 65 years were classified as AUC-like regardless of the diagnosis. Nondemented subjects under the age of 65 years were not automatically classified as AUC-like, unless they otherwise met the criteria above. The AUC further require that cases be evaluated by experts with training and experience in the evaluation and care of patients with dementia. The most recent update of the AUC suggest an expert be defined as a physician that spends at least 25% of patient contact time in the evaluation and care of patients with dementia. a These subjects, with a prescan diagnosis of 'etiology due to AD', were still considered AUC-like per the AUC guidelines because they were considered to have an atypical AD presentation or AD mixed with other pathologies.
b These subjects, with a prescan diagnosis of 'uncertain etiology', were considered non-AUC-like because they either did not demonstrate objective cognitive impairment or were impaired for less than 6 months.
c These subjects, with a prescan diagnosis of 'etiology not due to AD', were still considered AUC-like because the primary etiology was uncertain, they were less than 65 years of age, or they were considered to have a mixed type of dementia.
We did not collect data on the percentage of time our referring clinicians spend with dementia patients. However, the clinicians at all 19 sites were neurologists, psychiatrists, or geriatricians experienced in clinical trials involving AD patients; at 13 centers, the clinicians had academic appointments, at 11 they had been authors of peer-reviewed publications on the topic of AD or cognitive impairment, and at 10 the clinical investigators had completed relevant specialized fellowship training. Thus, these clinicians appear to fit the broad concept of dementia experts, and no adjustment for site/clinician experience was made.
The RCP-RCR guidelines and the IIWG recommendations are essentially the same as the AIT-AUC, except that the AIT-AUC do not specifically recommend an order of tests, instead cautioning that the expert should evaluate all available clinical evidence (which could include structural imaging and other tests), whereas the RCP-RCR and IIWG guidelines specifically call for structural/conventional imaging to be performed prior to consideration of amyloid imaging. Thus, as a secondary analysis we separately evaluated the subset of the AUC cohort that had previously undergone MRI or CT procedures.
Statistical Methods
Descriptive statistics, means and standard deviations for continuous variables, and counts and proportions for categorical variables were applied to describe the characteristics of the study population and to describe the changes in physicians' diagnostic thinking and intended management after receiving florbetapir scan information between the AUC-like and non-AUC groups. Fisher's exact test (two-sided nominal significance level of 0.05) was applied to compare the significance of change in physicians' diagnostic thinking and intended management after receiving florbetapir scan information between the AUC-like and non-AUC groups. Due to the exploratory nature of this analysis, other comparisons were performed without statistical testing. Table 1 shows the breakdown of diagnoses assigned to either the AUC-like or the non-AUC category. Note that the majority of patients (78%) in the AUC-like group were given a syndromic diagnosis (diagnosis of uncertain etiology, not ascribed to AD, or non-AD pathology), while the majority of patients in the non-AUC group (63%) were given a working diagnosis of impairment due to AD. Values are presented as n (%) or mean ± SD. the study sample. The baseline characteristics were similar between the two groups, except for prescan diagnosis.
Results
The proportion of subjects having previously completed a workup (group A) at study entry was similar (p = 0.232) for the AUC-like (65/125; 52%) and the non-AUC group (45/104; 43%). The proportion with previously completed workups was also similar among subjects with an indeterminate etiology (53/122; 43%) compared to those ascribed specifically to an AD or non-AD etiology (57/107; 53%). As expected, the diagnostic test frequencies before scanning were lower for group B than for group A subjects, with fewer than half of those in group B having undergone neuropsychological testing and structural brain imaging at study entry compared to the majority of group A subjects (online suppl. table 1; for all online suppl. material, see www.karger.com/doi/10.1159/000441139).
The likelihood of testing positive on florbetapir scanning was similar (p = 0.509) for AUC-like (47%) and non-AUC subjects (52%), but AUC-like subjects had a significantly higher rate of change in diagnostic thinking compared to non-AUC subjects (62 vs. 45%, p = 0.011; table 3 ; online suppl. table 2). For both AUC-like and non-AUC subjects, when the diagnosis changed it was in a direction to be consistent with the scan result, i.e., towards a diagnosis of AD after a positive scan and away from a diagnosis of AD after a negative scan.
Overall, both the AUC-like and non-AUC cohorts demonstrated high rates of change in their management plans after scanning (88% for AUC-like cases, 86% for non-AUC cases; p = 0.69; online suppl. table 3). This high overall rate of management change was partly due to the inclusion of 'explanation of diagnosis and advice regarding potential safety concerns' in the management composite outcome variable. Almost all patients received this counseling after disclosure of the PET scan results to the physicians.
However, an evaluation of the other testing and management items in the composite revealed that following disclosure of PET scan amyloid status results, changes in diagnostic testing were planned for a modestly greater proportion across all subjects in the AUC-like cohort than in the non-AUC cohort, for example, with respect to neuropsychological testing (25 vs. 20%), brain structural imaging (16 vs. 12%), and lumbar puncture (13 vs. 8%). Changes in planned prescriptions of AD medication in the direction of the PET scan result (e.g., removal of medication after a negative scan) occurred nearly twice as often in the AUC-like as in the non-AUC cohort (25 vs. 13%). However, in both cohorts the changes in intended medication use were in the direction of the scan result, and the difference in the proportion of intended AD medication prescription in Aβ+ versus Aβ-subjects was comparable in the two cohorts ( table 4 ) . In group A patients, who had completed a full workup and had no additional diagnostic tests planned prior to florbetapir PET scanning, changes in management were limited primarily to changes in explanation of diagnosis and prescription of AD medications. However, management plan changes in group B patients, who had had an incomplete workup prior to the florbetapir scan, were more pronounced than in group A patients after scanning in both the AUC-like (98 vs. 78%) and the non-AUC cohort (92 vs. 78%). An examination of individual components of the composite for group B patients suggested modestly greater changes in the AUC-like cohort than in the non-AUC cohort with respect to ordering of neuropsychological testing (45 vs. 34%), brain structural imaging (32 vs. 20%), and lumbar puncture (23 vs. 10%). Whereas both positive and negative scan results led to net reductions in planned neuropsychological testing, structural imaging, and lumbar puncture, there was a net increase in planned prescription of AD medications and referrals to AD clinical trials after positive scan results, and a net decrease (opposite effect) after negative scan results ( fig. 1 ; online suppl. table 4).
Structural imaging (MRI or CT) was performed prior to amyloid PET in 154 of the 229 study subjects, including 93 of the 125 AUC-like subjects. The pattern of change in diagnosis, planned management, and treatment after PET scan results in this subgroup of patients (online suppl. tables 5, 6) was similar to that described above for the overall AUC-like cohort.
Discussion
We have previously reported that amyloid PET information can lead to changes in the diagnosis and intended management of patients undergoing or recently having completed an evaluation for cognitive decline [17] . Although our study restricted enrollment to patients with diagnostic uncertainty expected to benefit from an amyloid PET scan, it was conducted prior to florbetapir approval in 2012, and our entry criteria were different and possibly less restrictive than the subsequently published AUC guidelines [22] . Thus, the primary goal of the present reanalysis was to determine whether our previous conclusions remained valid for the subset of patients meeting a strict interpretation of the AUC. The results suggest that, if anything, the impact of amyloid PET information is amplified in the AUC-like cohort.
The rate of change in diagnostic thinking was significantly higher for AUC-like subjects compared to non-AUC subjects (62 vs. 45%; table 3 ). These differences were largely attributable to the classification of the probable AD patients as part of the non-AUC cohort. The . Values represent the percentages of patients in the respective population group with an increase (blue) or decrease (red; colors refer to the online version only) in intended use of a diagnostic test or treatment after PET scanning. Thus, for example, the top half of a shows that plans for additional neuropsychological testing were eliminated after PET scan results became known in more than 40% of group B (AUC-like patients with a positive scan), and plans for treatment with cholinesterase medication or memantine were added for more than 40% of the same patients. The bottom half of a shows directionally similar, but numerically smaller, trends in the non-AUC group. b By comparison with a positive PET scan, after a negative PET scan there were numerically smaller decreases in planned diagnostic testing and net decreases in planned use of cholinesterase medications. Npsych = Neuropsychological testing; Labs = any laboratory analysis of blood or urine samples performed to aid in dementia diagnosis including but not limited to tests for vitamin B 12 levels, thyroid function, or syphilis serology; FDG = FDG-PET; AopE = apolipoprotein E; AD Med = cholinesterase medication or memantine.
probable AD patients (30 of 104 non-AUC subjects) had a predictable, high incidence of amyloid-positive scans (73%; table 1 ), which was consistent with the prescan diagnosis and did not result in a change in diagnosis after scanning ( table 3 ; online suppl. table 2 ). In contrast, the majority of AUC-like patients had indeterminate diagnoses, and 68% of them had a changed diagnosis after the PET scan (i.e., to AD etiology after a positive scan or to non-AD etiology after a negative scan; online suppl . table 2) . Similarly, the previously reported [17] impact of PET scan information on intended patient management was not diminished but, if anything, enhanced in the AUC-like cohort. Overall, changes in management plans were high for both the AUC-like and the non-AUC cohort (88 and 86%, respectively). Planned treatment with AD medications changed in a direction consistent with the PET scan result, with larger changes noted in the AUC-like than in the non-AUC cohort ( table 4 ) . This difference may be driven by the clinically diagnosed typical AD patients in the non-AUC cohort. These subjects had a high rate of AD medication use/intended use at baseline, leaving less room for increases after a positive scan. Moreover, physicians may have been hesitant to remove therapy from amyloid-negative demented subjects previously diagnosed as having AD, with the result that approximately 20% of the AUC-like and 30% of the non-AUC subjects were slated to remain on AD medications after a negative amyloid scan. This latter result may suggest that physicians were using the amyloid PET information in the context of the patient's overall presentation and considering that medications such as cholinesterase inhibitors might benefit some subjects with dementias of non-AD origin [25] . However, additional studies could be valuable in enabling evidence-based decisions on treatment efficacy in patient populations defined by both clinical presentation and amyloid status.
Among the subjects with an incomplete workup at study entry (group B), both positive and negative scans led to reductions in planned neuropsychological testing, structural imaging, and lumbar punctures, and, again, this effect was numerically greater in AUC-like than in non-AUC subjects.
In the absence of a control group that did not receive PET scan results, it is difficult to evaluate the finding that planned diagnostic testing decreased after both positive and negative scans. This result may simply be an indication that the prescan management plans overestimated what physicians would have done had they not received the PET scan information. Alternatively, it may reflect the relatively small range of situations where additional testing would provide decisive information beyond that obtained from the amyloid scan. For example, following an amyloid-positive PET scan, additional assessments such as neuropsychological tests (to better establish the nature of the clinical deficit), FDG-PET (to identify a frontotemporal dementia-like pattern of brain metabolism), DaTScan SPECT (to identify dopamine neuronal dysfunction characteristic of dementia with Lewy bodies/Parkinson's disease), or CSF analysis (Aβ 42 , to confirm the amyloid PET result, and tau, which might be elevated in AD but not in the alternative conditions) might be warranted for cases with 'atypical' clinical features that suggest a non-AD diagnosis. However, in the absence of such characteristic symptoms (i.e., the majority of subjects in this study), the risk is low that these alternative pathophysiologies are responsible for the cognitive impairments.
Similarly, an amyloid-negative PET scan is inconsistent with a diagnosis of AD. In cases where characteristic symptoms suggest that a diagnosis such as cerebrovascular disease, frontotemporal dementia, or dementia with Lewy bodies/Parkinson's disease is present, a negative scan may be sufficient to support such a non-AD diagnosis by excluding AD as the main viable alternative, and additional testing may not be required. Moreover, in the absence of characteristic symptoms of a non-AD dementia, emerging data [26, 27] suggest that the majority of patients will experience minimal cognitive deterioration over 2-3 years of followup. Thus, watchful waiting, combined with treatment for potential nondegenerative factors (depression, vascular disease) might be the best approach.
Perhaps the most controversial reduction in diagnostic testing after amyloid PET was the elimination of structural imaging in more than half of the patients (30/56) for whom it was originally planned. Structural imaging is almost always recommended as part of a dementia workup [2, [22] [23] [24] . The study did not record a rationale for change in intended management. However, it can be speculated that the investigators were attempting to balance cost and burden to the patient against the potential that sufficient information would be gained to change the diagnosis or management. In the case of an amyloid-positive scan, the investigator may have decided it to be unlikely that structural images would reveal a mass or sufficient cerebrovascular disease to steer away from a diagnosis of AD etiology. In the case of amyloidnegative subjects, many of whom had very mild impairments, the investigators may have decided on a course of watchful waiting as discussed above. It is also worth noting that many of the scans in this study were done on PET CT scanners. Although the amyloid PET result was interpreted centrally, the images were available locally for safety review and could be shared with the treating physician. Hence, in some cases structural information may have been available from the attenuation CT performed during the PET scan and may have been sufficient to rule out the presence of significant masses or infarcts.
To our knowledge, this is the first study to evaluate the impact of AUC on the relationship of PET scan outcomes to diagnosis and management plans regarding subjects with a history of cognitive decline. A limitation of our study is that the AUC were published after our study was conducted and the AUC were applied retrospectively; this could have led to some misclassification of AUC-like and non-AUC cases. However, if anything, our classification was conservative. The differences between AUC-like and non-AUC cases might be even greater in other settings where no diagnostic uncertainty might exist for the non-AUC group. For example, we classified patients given working diagnoses of 'not related to AD' as non-AUC cases. But by the entry criteria, physicians needed to express an at least 15% likelihood that these cases had AD etiology and be less than 85% certain of the working diagnosis. Thus, these could have been considered possible AD cases, and thus be classed as AUC-like. More than half of these clinically diagnosed non-AD cases were amyloid positive on florbetapir PET, but we would expect a lower percentage of amyloid positives in a well-documented population of non-AD patients [20] . Similarly, we classified cases with a working diagnosis of MCI due to AD as non-AUC cases, but less than half of these cases were found to be positive for amyloid on the PET scan (49 vs. 73% for typical AD dementia/probable AD). It is possible that a higher amyloid-positive rate could be observed in cases for which there were additional data to support a typical amnestic MCI or AD presentation, and for which the physicians expressed high diagnostic confidence. However, cases like these subjects for whom physicians expressed less than 85% confidence in an MCI-AD diagnosis might better be considered unexplained MCI for the purposes of an AUC classification.
As noted above, the RCR-RCP and IIWG guidelines differ from the AIT-AUC primarily by specifying that structural imaging, and in some cases FDG-PET, be performed prior to amyloid imaging. Fewer than 10% of the patients in this study had undergone FDG-PET at screening. However, 67% of the subjects overall and 75% of the AUC-like subjects had previously undergone structural imaging. The pattern of change in diagnosis, management plan, and treatment in this subgroup of AUC-like patients was similar to that for the overall group of AUC subjects without previous MRI, with the possible exception that subjects with previous structural imaging appeared more likely to change from an indeterminate to a non-AD diagnosis after a negative scan. An important limitation of this analysis is that patients were not randomized to receive or not receive MRI. The decision to obtain an MRI prior to amyloid PET was made by the diagnosing physician and was likely influenced by practice habits and the severity and complexity of the case at presentation. Thus, the present data cannot be used to assess the value of placing MRI (or any other diagnostic test) ahead of the PET scan in the diagnostic algorithm; the present data do not allow us to assess the percentage of patients for whom diagnostic dilemmas resolve after MRI testing. However, these data do suggest that there exist patients who meet both the AIT and IIWG AUC, having residual diagnostic uncertainty even after an MRI, and who benefit from amyloid imaging, as demonstrated by changes in diagnosis, planned testing, and treatment after receiving PET scan results.
Although this study is possibly the first to evaluate the impact of amyloid imaging in the context of the proposed AUC, key conclusions from this study are consistent with those from the previous literature and should be generalizable to other populations. Specifically, the AUC excludes cases where there is a high a priori relationship between the diagnosis and amyloid status, notably dementia with typical AD presentation (probable AD, 73% positive) and cognitive decline of limited duration or cases lacking objective evidence of impairment (71% negative), and focusses on cases of indeterminate or mixed etiology, where amyloid status is likely to be more difficult to predict a priori. The finding that the proportion of amyloidpositive cases increases with disease severity along the spectrum of suspected AD patients is consistent with an extensive literature [26] [27] [28] [29] . This may explain the difference in the proportion of amyloid-positive cases and the difference in the proportion of cases with diagnostic change among previous studies that have compared scan effects in well-characterized, diagnosed subjects (e.g., AD vs. healthy controls [21] or AD vs. frontotemporal dementia [20] ) and the effect in memory clinic patients [16, 18, 19] . The current finding that diagnostic change is also more likely in the diagnostically indeterminate AUC-like cases than in the more certain probable AD cases is also consistent with reports that change is more likely in situations of lower diagnostic confidence or greater uncertainty [19, 20] . Finally, the current results are consistent with all available previous studies, showing an impact of amyloid PET results on patient management planning and treatment with AD therapeutics [17, 20, 21] and further suggesting that differences in the magnitude of the effect may be related to where the study patients fall along the AUC-like versus non-AUC spectrum.
In conclusion, amyloid imaging results altered diagnostic thinking in both AUC-like cases and in cases with diagnostic uncertainty that did not meet a conservative interpretation of the proposed criteria. The amyloid imaging results led to high rates of management change regardless of AUC status, although these changes tended to be modestly higher in AUC-like patients. A refinement of the AUC guidelines to include patients with a clinical diagnosis of MCI due to AD for whom there remains significant diagnostic uncertainty might be considered in future revisions of the AUC, since clinicians appear to have difficulty rendering this diagnosis accurately without amyloid biomarker data.
